EP 3 490 123 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
29.05.2019 Bulletin 2019/22

(21) Application number: 18208927.6

(22) Date of filing: 28.11.2018

(11) EP 3490 123 A1

EUROPEAN PATENT APPLICATION

(51) IntCl:
HO2K 21/46 (2006.01) HO2P 1/48 (2006.01)
HO02K 1/27 (2006.01) HO2P 2520 (2006.07)
HO2K 1/24 (2006.01) HO2K 3/28 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 28.11.2017 US 201715824092

(72)

(74)

(71) Applicant: Hamilton Sundstrand Corporation

Charlotte, NC 28217-4578 (US)

Inventor: GIERAS, Jacek F.
Glastonbury, CT 06033 (US)

Representative: Dehns
St. Brides House

10 Salisbury Square
London EC4Y 8JD (GB)

(54)

(67)  Anelectric motor is disclosed thatincludes a sta-
tor winding (14) defining a plurality of poles (40), with the

winding being controllable to switch between a first

number of poles and a second number of poles. A rotor
(40) rotatable within the stator (12) includes a first group
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LINE START TWO-SPEED PM BRUSHLESS MOTOR

of magnetic flux barriers (26) being without permanent
magnet material and a second group of magnetic flux
barriers (26) atleast partially filled with a permanent mag-
net material (28). A method of operating a line-start elec-
tric motor is also disclosed.
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Description
BACKGROUND

[0001] A line-start permanent magnet motor LSPM
does not require a solid state inverter to operate at ac-
ceptable efficiencies and power factors. The rotor of a
LSPM will reach a synchronous speed with a rotating
magnetic field and maintain that speed. Accordingly, al-
though the elimination of the solid state inverter reduces
costs, it also means that the motor may only operate at
a constant speed.

SUMMARY

[0002] An electric motor according to an exemplary
embodiment of this disclosure, among other possible
things includes a stator winding defining a plurality of
poles, wherein the winding is controllable to switch be-
tween a first number of poles and a second number of
poles. A rotor rotatable within the stator includes a first
group of magnetic flux barriers being without permanent
magnet material and a second group of magnetic flux
barriers at least partially filled with a permanent magnet
material.

[0003] A line-start electric motor according to another
exemplary embodiment of this disclosure, among other
possible things includes a stator including a first winding
defining afirstset of poles and a second winding including
a second set of poles, a rotor including a first group of
magnetic flux barriers defining a first group of poles and
a second group of magnetic flux barriers at least partially
filled with permanent magnet material and a controller
for switching between the first winding to synchronize
rotation with the first group of poles on the rotor and pro-
vide a first rotational speed and a second winding to syn-
chronize with the second group of poles on the rotor to
provide a second rotational speed.

[0004] A method of operating a line start electric motor
according to another exemplary embodiment of this dis-
closure, among other possible things, includes selecting
a first set of poles on a stator to generate a first rotating
magnetic field with a controller, wherein the stator in-
cludes a first set of windings defining the first set of poles
and a second set of winding defining a second set of
poles, generating a reluctance torque in a first group of
magnetic flux barriers disposed on a rotor at a first rota-
tional speed, switching from the first winding to the sec-
ond winding of the stator with the controller to stop the
first rotating magnetic and generate a second rotating
magnetic field in the stator and generating a permanent
magnettorquein a second group of magnetic flux barriers
including permanent magnet material on the rotor to ro-
tate at a second rotational speed.

[0005] Although the different examples have the spe-
cific components shownin the illustrations, embodiments
of this invention are not limited to those particular com-
binations. It is possible to use some of the components
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or features from one of the examples in combination with
features or components from another one of the exam-
ples.

[0006] These and other features disclosed herein can
be best understood from the following specification and
drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Figure 1 is a schematic view of an example line start
permanent magnet electric motor embodiment.
Figure 2 is a schematic view of an example fan as-
sembly including an electric motor according to an
example embodiment.

DETAILED DESCRIPTION

[0008] Referring to Figure 1, a line start permanent
magnet brushless motor LSPMBM 10 is shown schemat-
ically and is operable at two speeds without the need of
a solid-state inverter. The example motor 10 includes a
rotor 20 including a set of permanent magnet poles 40
and a set of poles 38 without permanent magnet material.
[0009] The motor 10includes a stator 12 with a winding
14 that may be selectively controlled to provide either
four (4) or eight (8) poles. The example winding 14 is
schematically shown and includes a first set of windings
18 and a second set of winding 16. The first set windings
18 define eight (8) poles evenly spaced about the inner
periphery of the rotor 20. The second set of windings 16
includes four (4) poles disposed about the inner periphery
of the rotor 20 and interspersed between the first set of
windings 18. The example winding 14 can include two
separate sets of windings as is disclosed by way of ex-
ample and indicated at 16 and 18 or one winding that
can be controlled as required to provide groups of four
(4) or eight (8) poles.

[0010] A controller 34 with aswitch 36 provides for con-
trol of the stator windings 16 and 18 and select between
the first set of windings 18 and the second set of windings
16 to define the desired number of poles for operation of
the motor 10.

[0011] A rotor 20 is disposed within the stator 12 and
rotates about an axis A. The rotor 20 includes a firstgroup
of magnetic flux slots 24 and a second group of magnetic
flux slots 26. The slots 24, 26 define magnetic flux barriers
within the rotor 20. The second group of slots 26 are filled
with a permanent magnet material 28. The first group of
slots 24 is not filled with permanent magnet material.
[0012] The first group of slots 24 define eight (8) poles
38 within the rotor 20. The second group of slots 26 in-
cluding the permanent magnet material 28 define four
(4) poles 40 in the rotor 20. The first group of slots 24
without permanent magnet material create a reluctance
torque in the rotor 20 in response to the controller 34
powering the first set of windings 18 including eight (8)



3 EP 3 490 123 A1 4

poles.

[0013] The second set of slots 26 including the perma-
nent magnet material 28 that defines the four (4) poles
40 generate a permanent magnet torque in response to
the controller 34 powering the second set of windings 16.
[0014] The rotor 20 also includes groups of rotor slots
30 including cage windings 32. The rotor slots 30 and
cage winding 32 provide for self-starting of the motor 10.
Uponinitial powering of the windings 14, the motor begins
rotation as an induction motor. When the speed of the
rotor 20 is close to a synchronous speed, the rotor 20 is
pulled into synchronism and operates as the constant
synchronous speed. The rotor cage windings 32 can be
provided such that they extend radially inward toward the
axis A to reduce possible braking torque. Moreover, the
example slots 30 are disclosed with a round shape, how-
ever it should be understood that the rotor slots 30 could
be different shapes and sizes within the contemplation
of this disclosure.

[0015] The example motor 10 provides for operation
at a first speed when the first set of windings 18 is actu-
ated providing eight (8) poles on the stator 12. The first
speed generated by the rotor 20 is accomplished through
the creation of reluctance torque and the second speed
is provided through the production of a permanent mag-
net torque. The electromagnetic torque produced by syn-
chronous motors haves two components, permanent
magnet torque and reluctance torque:

T, = Tpy + T, (EquationI)

[0016] Torque produce by permanent magnets is:
mi Ef??’l .
Tpy=——— sind (Equation2)
2mny  Agp

[0017] Reluctance torque, i.e., torque produced due to
difference in synchronousreactances in the d- and g-axis
is:

Wy Va

Ty = — ——) (Equation 3
rei ?mnx - ( ) ( q )
[0018] Where m,is the number of stator phases, usu-

ally m; =3.

ns = flp is the synchronous speed;

fis the input frequency;

p is the number of rotor pole pairs;

V, is the stator input voltage per phase;

E;is the EMF per phase induced in the stator winding
by rotor PMs (field excitation);

Xsq is the synchronous reactance in the d-axis,

S
qu is the synchronous reactance in the g-axis; and
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dis the load angle between the EMF and voltage.

[0019] The d-axis is the center axis of the magnetic
pole and the g-axis is the axis orthogonal to the d-axis.
[0020] The disclosed motor 10 includes the first set of
slots 24 that provides eight (8) poles 38 without perma-
nent magnets. The second set of slots 26 provide four
(4) groups of poles 40 with permanent magnets 28. The
eight (8) poles 38 without permanent magnets create a
reluctance torque according to equation (3) and the four
(4) poles 40 with permanent magnet material create per-
manent magnet torque according to equation (2). For the
eight (8) poles 38 and 60 Hz power the synchronous
speed is:

g = (60/4) x 60 = 900 rpm

[0021] For the four (4) poles 40 and 60 Hz the synchro-
nous speed is:

1y = (60/2) x 60 = 1800 tpm.

[0022] Inthe statorwinding 14, the magnetic properties
of permanent magnets are neutralized at low rotor
speeds (in this case 900 rpm) and, therefore, do not in-
terfere with motor performance. In other words, the re-
luctance nature of the rotor 20 becomes predominant at
low rotor speeds. At high rotor speeds (in this case 1800
rpm) the reluctance nature of the rotor 20 is neutralized,
and the motor 10 operates as a permanent magnet syn-
chronous motor.

[0023] It should be understood that although the first
set of windings in the stator and the rotor define eight (8)
poles and the second set of windings and poles define
four (4) poles. Other numbers of poles could be utilized
to define different desired operating speeds. Moreover,
the slots 24, 26 within the rotor 20 could be alternately
shaped. For example, the slots could be C-shaped, V-
shaped, and I-shaped or may have more complex shapes
as is understood by those skilled in the art.

[0024] Accordingly, the disclosed example motor 10 is
operable at both the first rotational speed and the second
rotational speed by the controller 34 without an inverter.
[0025] Operation of the motor 10 begins by first select-
ing the first set of windings 18 with the controller 34 to
generate a first rotating magnetic field that synchronizes
with the first group of magnetic flux slots 24 on the rotor
20. Because the first group of flux slots 24 does not in-
clude permanent magnet material, the torque generated
to rotate the rotor 20 is a reluctance torque. When it is
desired to rotate the rotor 20 at a higher speed, the con-
troller switches from the first winding 18 to the second
winding 16. The second winding 16 generates a second
rotating magnetic field that synchronizes with the second
group of magnetic flux slots 26 including the permanent
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magnetic material 28. The rotor 20 is driven by a perma-
nent magnet torque at the second rotational speed ac-
cording to the synchronous speed equation as previously
described. In the disclosed example motor 10, the sec-
ond rotational speed is greater than the first rotational
speed. The rotor 20 includes cage windings 32 disposed
within rotor slots 30 that aid in starting rotation of the rotor
20 prior to the rotor attaining the first speed.

[0026] Referring to Figure 2, the example motor 10 is
utilized in a fan assembly 100 including a fan 102 driven
by shaft 104 driven by the motor 10. The motor 10 oper-
ates at two speeds and can provide operation of the fan
102 for use as a blower for cooling or other purposes.
The controller 34 switches the motor 10 between the first
speed and the second speed as is necessary for opera-
tion of the fan assembly 100.

[0027] Although an example embodiment has been
disclosed, a worker of ordinary skill in this art would rec-
ognize that certain modifications would come within the
scope of the invention as defined by the claims. For that
reason, the following claims should be studied to deter-
mine the scope of this disclosure.

Claims
1. An electric motor comprising:

a stator (12) including a winding (14) defining a
plurality of poles (40), wherein the winding is
controllable to switch between a first number of
poles and a second number of poles; and

a rotor (20) rotatable within the stator, the rotor
including a first group of magnetic flux barriers
(24) being without permanent magnet material
and a second group of magnetic flux barriers
(26) at least partially filled with a permanent
magnet material (28).

2. The electric motor as recited in claim 1, wherein the
winding defines a first winding (18) defining the first
number of poles and a second winding (16) defining
the second number of poles.

3. The electric motor as recited in claim 2, wherein the
first winding defines eight (8) poles and the second
winding defines four (4) poles.

4. The electric motor as recited in claim 3, wherein the
first group of magnetic flux barriers define eight (8)
poles on the rotor, and preferably wherein the first
group of magnetic flux barriers generate areluctance
torque in the rotor.

5. The electric motor as recited in any preceding claim,
wherein the second group of magnetic flux barriers
define four (4) poles on the rotor, and/or wherein the
second group of magnetic flux barriers generate a
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permanent magnet torque.

6. The electric motor as recited in any preceding claim,
wherein the first group of magnetic flux barriers and
the second group of magnetic flux barriers each in-
clude a shape comprising one of a C-shape, a V-
shape and an I-shape.

7. The electric motor as recited in any preceding claim,
including a controller (34) for switching the winding
of the stator between the first number of poles to
provide a first rotational speed of the rotor and the
second number of poles to provide a second rota-
tional speed.

8. The electric motor as recited in claim 7, wherein the
controller is configured to operate the motor without
an inverter during operation of both the first rotational
speed and the second rotational speed.

9. A line-start electric motor comprising:

a stator (12) including a first winding (18) defin-
ing a first set of poles and a second winding (16)
defining as second set of poles;

a rotor (20) including a first group of magnetic
flux barriers (24) defining a first group of poles
and a second group of magnetic flux barriers
(26) defining a second group of poles, the first
group of magnetic flux barriers being without
permanent magnet material and the second
group of magnetic flux barriers at least partially
filled with permanent magnet material (28); and
a controller (34) for switching between the first
winding to synchronize rotation with the first
group of poles on the rotor and provide a first
rotational speed and the second winding to syn-
chronize with the second group of poles on the
rotor to provide a second rotational speed.

10. The electric motor as recited in claim 9, wherein the
first set of poles defined by the first winding has eight
(8) poles and the second set of poles defined by the
second winding has four (4) poles, and preferably
wherein the first group of poles includes eight (8)
poles on the rotor and the second group of poles
includes four (4) poles on the rotor.

11. The electric motor as recited in claim 10, wherein
the first rotational speed is less than the second ro-
tational speed.

12. The electric motorasrecitedin claim 10or 11, where-
in the first group of magnetic flux barriers generate
areluctance torque in the rotor and the second group
of magnetic flux barriers generate a permanent mag-
net torque.
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13. The electric motor as recited in any of claims 9 to
12, including being operable at the first speed and
the second speed without an inverter.

14. Amethod of operating a line-start electric motorcom- 5
prising:

selecting a first set of poles on a stator to gen-
erate a first rotating magnetic field with a con-
troller, wherein the stator includes a first set of 70
windings defining the first set of poles and a sec-
ond set of windings defining a second set of
poles;
generating a reluctance torque in a first group
of magnetic flux barriers disposed on a rotorto 75
rotate the rotor at a first rotational speed;
switching from the first winding to the second
winding of the stator with the controller to stop
the first rotating magnetic field and generate a
second rotating field in the stator; and 20
generating a permanent magnet torque in a sec-
ond group of magnetic flux barriers including
permanent magnet material on the rotor to rotate
the rotor at a second rotational speed.
25
15. The method as recited in claim 14, including gener-
ating an initial reluctance torque in windings dis-
posed on the rotor to start rotation of the rotor.
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